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[57] ABSTRACT

Antineoplastic taxol derivatives are derived by selec-
tive oxidation of the alkene portion of the side chain of
cephalomannine. The derivative displays high activity
in promoting assembly of microtubulin and also displays
cytotoxic activity against malignant cells.
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OXIDATION PRODUCTS OF
CEPHALOMANNINE

FIELD OF THE INVENTION

This invention relates to taxane derivatives. More
particularly, this invention relates to oxidation products
of cephalomannine. In another aspect, this invention
relates to techniques for producing taxol derivatives
from cephalomannine.

BACKGROUND OF THE INVENTION

Taxol, 1, a material occurring in nature, and extracted
from Taxus brevifolia (i.e., the Pacific yew tree) and
other biomass has been identified as having significant
tubulin binding (Schiff, P. B. et al., “Promotion of Mi-
crotubule Assembly in vitro by Taxol,” Nature, Vol.
277:665-67 (February 1979)) and, when delivered to the
cell, cytotoxic aetivity which has been demonstrated
through Phase III clinical trials. Taxol was recently
approved for the treatment of refractory ovarian cancer
by the Food and Drug Administration.

Taxotere, 2, a semisynthetic derivative of taxol with
improved water solubility, has been compared with
taxol in Phase I clinical trials. Taxotere is slightly more
active as a promoter of tubulin polymerization, 1.5-fold
more potent as an inhibitor of replication in mouse mac-
rophage-like J774.2 cells and in P388 murine leukemia
cells, and at least fivefold more potent in taxol resistant
tumor cells (Pazdur, R. et al., “Phase I Trial of Tax-
otere: Five-Day Schedule”, Journal of the National
Cancer Institute, 1781, (1992)). The structural differ-
ences between taxol 1 and taxotere 2 are minor (see
FIG. 1), yet enhanced in vitro tubulin binding activity is
observed for taxotere.

Consequently, it is difficult to predict the relative
potency of a taxol analogue for microtubulin polymeri-
zation activity based on small changes in the overall
structure. An examination of Kingston’s Review,
(Kingston, D. G. 1., “The Chemistry of Taxol”, Phar-
macology and Therapeutics, 52:1-34, (1991)), provides an
overall view of the complexity of the structure-activity
relationship of taxol analogues. It is clear that minor
structural changes can cause major changes in tubulin
binding activity and cytotoxicity. These changes can
even completely eliminate activity. In addition, other
factors such as greater water solubility and lower toxic-
1ty exist, which must be strongly considered when eval-
uating the efficacious nature of therapeutic agents.

The novel synthetic taxol derivatives described
herein have not heretofore been described nor has the
literature suggested that such new derivatives would
exhibit tubulin assembly or advantageous cytotoxic
activity.

SUMMARY OF THE PRESENT INVENTION

There has now been discovered a new compound
that displays in vitro tubulin binding and cytotoxic
activity similar to taxol. The new antineoplastic taxol
derivative is derived by selective oxidation of the alkene
portion of the side chain of cephalomannine 3. The
formation of this new taxol derivative from cephalo-
mannine has not been described previously and pro-
vides 1n high yield the new derivative.

It 1s an object of this invention to provide a new
semisynthetic taxol derivative that displays unexpect-
edly high activity in promoting the assembly of mi-
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2

crotubulin in vitro and cytotoxic activity against B16
melanoma cells, for example.

It 1s another object of this invention to provide a
pharmaceutical composition which is effective in inhib-
iting the growth of tumor cells.

It 1s a further object of this invention to provide
methods for producing the new taxol derivative.

Other objects and advantages of the present invention
will be apparent from the following detailed description
and the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing structural differences
between taxol, taxotere and cephalomannine:;
FIG. 2 is a reaction scheme for cephalomannine and
OZone;

FIG. 3 is a reaction scheme for treatment of a reac-
tion mixture with acetic anhydride:

FIG. 4 is a reaction scheme for treatment of a reac-
tion mixture with triethylsilyl chloride:;

FIG. S is a reaction scheme for cephalomannine and
osmium tetroxide;

FIG. 6 is a reaction scheme for cephalomannine and
NalOj4.

DESCRIPTION OF THE INVENTION AND THE
PREFERRED EMBODIMENT

This invention relates to the treatment of cephalo-
mannine 3, a close natural analogue of taxol, with a
strong oxidizing agent, e.g. ozone, to generate in good
yield 2 new derivative mixture. The cephalomannine
starting material can be isolated in a conventional man-
ner such as described in a recent publication (Rao, Kop-
paka V., “Method for the Isolation and Purification of
Taxane Derivatives”, International Publication Num-
ber, WO 92/07842, May 14, 1992), incorporated herein
by reference.

Treatment of an ether and/or hydrocarbon and/or
alcoholic and/or chlorinated solvent solution of ceph-
alomannine between —78° C. and room temperature,
with 5 to 1000 equivalents of ozone, followed by pure-
Ing with an inert gas, results in the formation of the
a-ketoamide(pyruvamide)/a-ketal-amide  derivative
mixture 4a, 4b (see FIG. 2). The transformation is very
selective for the side chain alkene and over-oxidation
can be avoided, i.e., oxidation of the tetrasubstituted
alkene in ring A and other functional groups can be
prevented, if an amount of ozone is added which is
sufficient to completely oxidize the tiglate amide func-
tional group (see R for compound 3 of FIG. 1), while
also avoiding oxidation elsewhere in the molecule. The
correct stoichiometry is determined by calibrating the
ozone generator and by monitoring the reaction using
high pressure liquid chromatography (HPLC). A de-
scription of the method for monitoring reactions by
HPLC is contained in the Examples section below.

The new synthetically modified taxane derivative
mixture, hereafter designated 4ad, was characterized by
spectroscopic analysis. The !H-NMR and 13C-NMR
spectra of the equilibrium mixture shows both 4z and 45
present in a ratio of 4:1 in chloroform-d (CDCl3). When
the compounds are analyzed by 13C-NMR in methyl-d3
alcohol-d (CD30D), the ratio changes to approximately
1:1. In CDCl3 solvent, the ketone (6’-4a) carbonyl reso-
nance at 195.4 ppm is approximately four times larger
than the hemiketal (6'-4b) carbon resonances at 102.5
and 105.4 ppm (two diastereomers for 45). In CD;0D
solvent, the ketone (6’-4a) carbonyl resonance at 197.2
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ppm 1s approximately the same peak height (non-quan-
titative 13C-NMR experiment) as the ketal/hemiketal
carbon resonances at 97.9, 101.9, 104.2, 105.1, and 106.5
ppm. The five different ketal/hemiketal carbon reso-
nances in CD30D are attributed to the diastereomeric
ketal carbons represented in 45, and solvent addition to
the open and closed forms of 4ab. It should be empha-
sized here that the two forms 42 and 4b are rapidly
interconverting in solution at room temperature. Isola-
tion of exclusively one form from the other without
resorting to chemical conversion of the mixture has not
been observed.

The new synthetic taxane derivative mixture 4ab was

characterized by chemical conversion to other new
taxane derivatives. The crude ozonolysis reaction mix-
ture was treated with acetic anhydride in pyridine (see

FIG. 3) to generate the two compounds shown (5 and
6). The 2-OH 1s acetylated in both compounds as
shown so the equilibrium between open and closed
forms for the starting material (4ab) is not possible. A
similar result was observed upon silylation using trie-
thylsilyl chloride in pyridine (see FIG. 4). The triethyl-
silyl derivative 7 cannot cyclize because the 2’-OH is
blocked. All of the compounds described here were
characterized by spectroscopic techniques (for synthe-
sis method and characterization data see the section
below titled Examples).

The new synthetic taxane derivative mixture 4ab was
synthesized by an additional method of organic chemi-
cal synthesis from a different starting material. As
shown in FIG. 5, the diol 8 is available via dihydroxyla-
tion of cephalomannine using established methodology
(Kingston, D. G. 1., et al, “Modified Taxols, 7. A
Method for the Separation of Taxol and Cephaloman-
nine”, J. Nat. Prod. 55: pp 259-261, (1992)), incorpo-
rated herein by reference. When the diol 8 is treated
with sodium periodate, the expected compound 4¢ (in
equilibrium with the cyclized form 4b), is formed in
very good yield. The oxidative cleavage of a vicinal

10

15

20

23

30

35

diol functional group similar to the side-chain portion of 40

8, 1s known to yield carbonyl compounds similar to the
ketoamide group of 4a (Sklarz, B., “Organic Chemistry
of Periodates”, Quarterly Reviews, pp 3-28, (1967)),
incorporated herein by reference. The methodology
described here is another structure proof of 4ab. The
synthesis method shown in FIG. 5 provides a product
mixture with identical spectral and chromatographic
analyses as the product mixture from reacting ozone
with cephalomannine (see FIG. 2).

The cleavage of the diol functional group in com-
pound 8 1s achieved by using an effective amount of an
oxidizing agent. Effective oxidizing agents include, but
are not limited to, periodic acid and salts thereof, lead
tetraacetate, sodium bismuthate, tetrabutylammonium
periodate, manganese dioxide, pyridinium chlorochro-
mate, and potassium permanganate. The oxidizing
agents listed are not ranked according to effectiveness
in performing the oxidation step. The relative effective-
ness of the various possible oxidizing agents depends
upon the concentration employed and other conditions
of the reaction.

The new synthetic taxane derivative mixture 4ab was
also synthesized by a variation on the two-step method
shown in FIG. 5. Treatment of compound 3 in a two-
phase solvent system as shown in FIG. 6, with sodium
periodate and ruthenium trichloride catalyst, results in a
mixture with identical chromatographic and spectral
(ultraviolet) characteristics to 4e¢b. The sodium peri-
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4

odate/ruthentum trichloride oxidative cleavage of an
internal alkene functional group similar to the side-
chatn portion of 3, is known to yield carbonyl com-
pounds similar to the ketoamide group of 4a (Carlsen, P.
H.J.,, etal., “A Greatly Improved Procedure for Ruthe-
nmum Tetraoxide Catalyzed Oxidations of Organic
Compounds”, J. Org. Chem., pp 3936~-3938, (1981)),
incorporated herein by reference. In a similar manner,
other transition metal catalysts that are capable of diol
oxidation when used in combination with oxidants such
as pertodate or hydroperoxide, can be used for the oxi-
dative cleavage of the alkene portion of the side chain of
cephalomannine. The ruthenium trichloride/periodate
oxidation methodology described here constitutes an-
other structure proof of 4ab, and provides a third oxida-
tion method for the synthesis of 4eb from cephaloman-
nine 3.

The new compound mixture, 4ab, shows good tubu-
lin binding and cytotoxicity activity with in vitro test-
ing. The in vitro test results are comparable to results
for taxol. Tubulin binding and cytotoxicity data for
cephalomannine and the synthetic derivatives described
herein are included for comparison. The tubulin testing
was done exactly as described by Himes (Georg, G. L.,
et al.,, “Synthesis of Biologically Active Taxol Ana-
logues with Modified Phenylisoserine Side Chains”, J.
Med. Chem. Vol 35:4230, (1992)), incorporated herein
by reference. See Table 1 for the data. Taxol has been
included in Table 1 for reference. In addition, each
sample 1s compared to taxol in the columns: EDs.
0/EDsg Taxol (for Tubulin Assembly), and EDs5qg/EDsp
Taxol (for B16 Proliferation); taxol shows a value of
approximately 1 in these columns. A number less than 1
1n these columns indicates greater activity than taxol. A
number greater than 1 in these columns indicates lower
activity than taxol. The error in the tests appears to be
+10-20%. The data clearly shows that the a-ketoa-
mide-taxane mixture 4ab has activity comparable to or
superior to taxol in the in vitro tublin assembly and B16
Proliferation tests. These tests have been used and relied
upon by experimentalists in this field to determine the
potential efficacy of a taxol derivative for the treatment
of cancer. The data in Table 1 also demonstrates the
dramatic difference in activity between structurally
similar taxane compounds; see for example, data for
compounds 4ab, 3, and 8.

The synthesis, characterization and in vitro test meth-
ods for the new taxol derivatives are illustrated by the
following examples:

EXAMPLES

Chemistry

All solvenis and reagents employed were used as
received from the manufacturer except pyridine and
acetic anhydride which were distilled prior to use. Re-
actions were monitored by thin-layer chromatography
(“TLC”) using 0.20 mm. E. M. Industries silica Gel 60
(aluminum support) silica gel plates. Reactions were
also monitored by high pressure liquid chromatography
(“HPLC”). Aligouts of crude reaction mixtures for
HPLC analysis were removed from the reaction vessel
with a 3 ul micro-pipette and diluted to 200 ul in an
HPLC sample vial (with insert). The HPLC system
consists of a model L-6200 pump, Model AS-4000 or
L-3000 UV/VIS/DAD detector (Hitachi Instruments,
Inc.). The system was equipped with an NEC 286 com-

puter with 40M hard drive and Lab Manager HPLC

software (Hitachi Instruments, Inc.). HPLC columns
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used included a 4.6 mm. X250 mm. Phenyl column,
packed with 5 um diphenyl material (Supelco, Inc.); a
4.6 mm. X 250 mm., 5 um, 60 angstrom Pentafluorophe-
nyl (PFP) column (ES Industries); and a 4.6 mm. X 250
mm. phenyl guard column (Jones Chromatography).
‘The ozone generator used was a Polymetrics Labora-
tory Ozonator T-816 with an operation at 75 volts, 60
Hertz current, 5.5 psig pressure, and a flow of 2 SLMP
delivering a concentration of ozone at 2.2 mg/s. The
ozone flow was calibrated using the method described
by the manufacturer. Silica gel for flash chromatogra-
phy (230 to 400 mesh) was supplied by Scientific Prod-
ucts. A Bruker WP-270 and ACE-300, Varian Gemini
400, and a JEOL FX90Q Spectrometer were employed
for TH and 13C NMR spectra with chemical shifts re-
ported in ppm. relative to tetramethylsilane using resid-
ual non-deuterated NMR solvent for reference. Yields
refer to chromatographically pure compounds and are
not optimized. Purity of products were judged to be
>90% on the basis of spectrophotometric homogeneity
unless otherwise stated. Mass spectra were measured at
M-Scan Inc. using a VG Analytical 2-SE high field
mass spectrometer. Spectroscopic analyses were deter-
mined using an Analect Diamond-20 FTIR with an
XAD-Plus microscope. The instrument was equipped
with an ACR Advanced Logic Research 486 computer
with 200M hard drive and an Analect FX80 software
package.

EXAMPLE 1

a-Ketoamide 44

Cephalomannine 3 (178 mg) dissolved in CHCl;3 (5
ml) was treated with ozone (2.2 mg/s) for 90 seconds at
room temperature followed by evaporation to give a
quantitative yield of the isomeric mixture 4ab. Reso-
nances for the major isomer are listed. !H NMR (90
MH:z, CDCl3) 1.11 (s, 3H), 1.21 (s, 3H), 1.29-1.58 (m,
2H), 1.64 (s, 3H), 1.78 (s, 3H), 1.89-2.16 (m, 3H), 2.20 (s,
3H), 2.31 (s, 3H), 2.24 (s, 3H), 2.40-2.72 (m, 1H), 3.75 (4,
J=6.8 Hz, 2H), 3.98-4.47 (m, 3H), 4.64 (m, 1H), 4.89 (d,
J=8.5 Hz, 1H), 5.13-5.68 (m, 2H), 5.98-6.20 (m, 1H),
6.25 (s, 1H), 7.27-7.73 (m, 8H), 7.85 (d, J=9.4 Hz, 1H),
8.07 (d, J=7.7 Hz, 2H). 13C NMR (12 MHz, CDCls)
9.54, 14.65, 20.76, 21.65, 22.51, 24.37, 26.79, 35.62, 35.62,
43.12, 45.72, 55.00, 58.48, 72.04, 72.04, 73.31, 74.96,
75.538, 76.44, 79.00, 81.16, 84.32, 126.97, 126.97, 128.60,
128.60, 128.60, 128.89, 128.89, 129.16, 130.11, 130.11,
133.24, 133.65, 137.14, 141.68, 159.70, 166.88, 170.30,
171.07, 171.93, 195.94, 203.55. The diagnostic signals in
the 13C-NMR spectrum for the minor isomer in CDCl;
(carbon 6’ of the two diastereomers of 4b) are 102.52
and 105.35 ppm. The diagnostic signals in CD3;0OD for
4ab, including solvent addition (CDD3;0D) to both 4a and
45 are 97.9, 101.9, 104.2, 105.1, and 197.2 ppm for car-
bon 6'. FTIR (neat, cm—1) 981.6 (m), 1025.9 (m), 1070.3
(m), 1108.9 (m), 1178.3 (m), 1241.9 (s), 1373.1 (m),
1724.0 (s), 2900.4 (w), 2940.9 (w), 3064.3 (w), 3413.4
(m), 3490.5 (m). Mass Spectrum (FAB, glycerol/thio-
glycerol matrix) m/z 821 (M+1)+.

EXAMPLE 2

240 -Acetyl-a-ketoamide 5 and 2’,7-bis(acetyl)-a-ketoa-
mide 6

Cephalomannine 3 (320 mg) in CH;Cl; (4 ml) was
treated with ozone (2.2 mg/s) for 205 seconds, purged
with nitrogen, and evaporated to dryness. The oxidized
cephalomannine in CHCl3 (1.5 ml) was cooled to 0° C.
acetic anhydride (0.145 ml) and pyridine (0.156 ml)
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were added sequentially. The reaction was stirred at 0°
C. for 2 hours followed by stirring for an additional 21
hours at room temperature. After diluting with methy-
lene chloride the mixture was washed with 3N HCI
(3X), saturated NaHCO3, and brine. The solution was
dried over MgSQy4, and evaporated. Flash chromatog-
raphy on silica gel (45/55, 55/45, 75/25 ethyl acetate/-
hexane) afforded 2 products. The first was 191 mg
(58%, white, Rr=0.16 50/50 ethyl acetate/hexane) cor-
responding to 5. 'H NMR (270 MHz, CDCl3) 1.10 (s,
3H), 1.21 (s, 3H), 1.61 (s, 3H), 1.81 (s, 1H), 1.86 (d,
J=1.2 Hz, 3H), 2.10 (s, 1H), 2.12 (s, 3H), 2.19 (s, 3H),
2.35 (s, 3H), 2.38 (s, 3H), 1.68-2.58 (m, 4H), 3.76 (d,
J=7.0 Hz, 1H), 4.13 (d, J=8.2 Hz, 1H), 4.27 (d, J=8.2
Hz, 1H), 4.35-4.46 (m, 1H), 4.95 (dd, J=1.9, 7.2 Hz,
1H), 5.35 (d, J=4.1 Hz, 1H), 5.57 (dd, J=3.5, 9.7 Hz,
1H), 5.63 (d, J=7.0 Hz, 1H), 6.14 (t, J=9.4 Hz, 1H),
6.24 (s, 1H), 7.25-7.65 (m, 8H), 7.70 (d, J=9.4 Hz, 1H),
8.11 (dd, J=1.8, 7.0 Hz, 2H). 13C NMR (68 MHz,
CDCl3) 9.78, 14.86, 20.56, 20.99, 22.30, 22.93, 24.60,
26.95, 35.90, 35.90, 43.52, 46.06, 53.39, 58.76, 72.29,
72.49, 74.28, 75.47, 75.90, 76.62, 79.59, 81.31, 84.65,
127.11, 127.11, 129.04, 129.04, 129.22, 129.38, 129.38,
129.70, 130.49, 130.49, 133.19, 134.05, 136.64, 143.04,
159.98, 167.20, 168.21, 170.13, 170.22, 171.62, 196.49,
204.09. FTIR (neat, cm—1)710 (w), 934 (m), 1026 (m),
1070 (s), 1242 (s), 1271 (s), 1373 (s), 1728 (s), 2941 (m),
2960 (m), 3410 (w), 3514 (m). Mass spectra (FAB, m-
nitro benzyl alcohol matrix) m/z 863 (M+1)+. The
second was 98 mg (28%, white, R=0.34 50/50 ethyl
acetate/hexane) corresponding to 6. 'H NMR (270
MHz, CDCl3) 1.13 (s, 3H), 1.19 (s, 3H), 1.75 (s, 3H),
1.79 (s, 1H), 1.88 (d, J=1.2 Hz, 3H), 1.96 (s, 3H), 2.13 (s,
6H), 1.61-2.34 (m, 3H), 2.37 (s, 3H), 2.38 (s, 3H),
2.47-2.61 (m, 1H), 3.88 (d, J=7.0 Hz, 1H), 4.12 (d,
J=8.8 Hz, 1H), 4.29 (d, J=8.2 Hz, 1H), 4.94 (d, J=8.2
Hz, 1H), 5.38 (d, J=3.5 Hz, 1H), 5.46-5.59 (m, 2H), 5.63
(d, J=7.0 Hz, 1H), 6.11 (t, J=9.1 Hz, 1H), 6.18 (s, 1H),
7.28-7.65 (m, 8H), 7.71 (d, 3=9.4 Hz, 1H), 8.11 (dd,
J=1.8, 7.0 Hz, 2H). I’\C NMR (68 MHz, CD,Cl,) 11.05,
14.48, 20.57, 20.86, 21.17, 21.46, 22.88, 24.58, 26.58,
33.58, 35.72, 43.59, 47.44, 53.46, 56.24, 71.77, 72.24,
74.16, 74.91, 75.45, 76.53, 79.17, 81.22, 84.19, 127.13,
127.13, 129.04, 129.04, 129.22, 129.36, 129.36, 129.65,
130.47, 130.47, 133.03, 134.09, 136.69, 141.27, 167.13,
168.32, 168.32, 169.27, 170.06, 170.10, 170.10, 170.46,
202.19. FTIR (neat, cm—1) 710 (w), 1049 (m), 1068 (m),
1240 (s), 1269 (s), 1697 (m), 1728 (s), 1751 (s), 2956 (W),
3410 (w), 2523 (bw). Mass spectrum (FAB, m-nitro
benzyl alcohol matrix) m/z 905 (M +1)+.

EXAMPLE 3

2',7-Bis(triethylsilyl)-a-ketoamide 7

To a-ketoamide 4a (75.5 mg) dissolved in pyridine
(4.6 ml) was added triethylsilyl chloride (0.31 ml). The
reaction mixture was mixed at room temperature for 22
hours followed by CH2Cl; dilution. The organic phase
was washed sequentially with 3N HCI (2 %), saturated
NaHCO3, and brine. It was then dried over MgS0Og4and
evaporated to a solid. Flash chromatography on silica
gel (25/75 ethyl acetate/hexane) afforded 39 mg (41%)
of a white solid (Ry=0.24, 25/75 ethyl acetate/hexane).
'H NMR (300 MHz, CD,Cl;) 0.35-0.63 (m, 12H),
0.77-0.97 (m, 18H), 1.21 (s, 6H), 1.66 (s, 3H), 1.94 (d,
J=1.1 Hz, 3H), 1.81-1.91 (m, 1H), 1.99-2.20 (m, 1H),
2.15 (s, 3H), 2.35 (s, 3H), 2.32-2.42 (m, 1H), 2.50 (s, 3H),
2.51-2.58 (m, 1H), 3.81 (d, J=7.1 Hz, 1H), 4.15 (d,
J=8.2 Hz, 1H), 4.29 (d, J=8.4 Hz, 1H), 4.47 (dd, J=6.7,
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10.6 Hz, 1H), 4.63 (d, J=2.7 Hz, 1H), 4.95 (m, 1H),5.40
(dd, J=2.7,9.4 Hz, 1H), 5.67 (d, J=17.2 Hz, 1H), 6.18 (,
J=9.2 Hz, 1H), 642 (s, 1H), 7.27-7.44 (m, 5H),
7.49-7.67 (m, 3H), 7.79 (d, J=9.4 Hz, 1H), 8.15 (dd,
J=1.5, 7.0 Hz, 2H). 13C NMR (75 MHz, CD,Cl,) 4.68, 5
4.68, 4.68, 5.59, 5.59, 5.59, 6.66, 6.66, 6.66, 6.89, 6.89,
6.89, 10.34, 14.44, 21.01, 21.73, 23.18, 24.58, 26.69, 35.85,
37.57, 43.67, 47.12, 56.01, 58.65, 71.99, 72.67, 75.22,
75.34, 75.43, 76.74, 79.38, 81.36, 84.45, 127.06, 127.06,
128.61, 128.61, 129.04, 129.09, 129.09, 129.09, 129.79,
130.51, 130.51, 134.00, 138.20, 140.53, 160.01, 167.27,
169.44, 170.36, 171.65, 196.76, 201.95. FTIR (neat,
cm—1) 733 (w), 746 (w), 1003 (m), 1018 (m), 1109 (s),
1138 (m), 1242 (s), 1267 (s), 1369 (m), 1695 (m), 1726 (s),
2877 (m), 2914 (m), 2958 (m), 3028 (w), 3404 (w). Mass
Spectrum (FAB, m-nitro benzyl alcohol matrix) m/z
1049 M +-1)+.

10

15

_ EXAMPLE 4

Cephalomannine diol 8

Cephalomannine, 3, was oxidized (stoichiometric
reaction) as described by Kingston (Kingston, D. G. 1.,
et al, Modified Taxols, 7. “A Method For The Separa-
tion Of Taxol And Cephalomannine”, Journal of Natu-
ral Products, Vol. 55, 259-261, (1992)), incorporated
herein by reference. The spectrophotometric analyses
correspond to Kingston’s reported values.

EXAMPLE 5

a-Ketoamide 4a from diol 8 30

The diol 8 (79 mg) was dissolved in THF (0.400 ml),
and water (0.342 ml) and NalOy4 (59 mg) were added.
After stirring for five minutes a white precipitate ap-
peared, and after 20 hours reaction time, analysis by 35
HPLC showed the reaction was complete. It was evap-
orated on a rotary evaporator, reconstituted with
EtOAc/water and separated. The aqueous layer was
extracted again with EtOAc and the combined organics
were washed with sat. Na)SO3 and brine. The mixture
was dried over MgSOy4 and evaporated to yield 62 mg
(83%) of a white solid. The data ({H-NMR, 13C-NMR,
IR and FAB-MS) for this sample matched exactly the
data for compound 4ab prepared by ozonolysis of ceph-
alomannine (see Example 1).

EXAMPLE 6

a-Ketoamide 4a from cephalomannine 3 via RuCls.
/periodate oxidation

Cephalomannine 3 (24.6 mg) was dissolved in carbon 5q
tetrachloride (0.06 ml), acetonitrile (0.06 ml), and water
(0.092 ml). To this biphasic mixture was added NalQq
(26.3 mg; 4.1 equivalents) and ruthenium trichloride
(0.15 mg, 2.2 mol %) were added. After stirring for five
minutes a red/brown precipitate appeared, and after 1
hour the reaction was stopped. It was worked up with
methylene chloride, washed with brine, and dried over
anhydrous MgSO4. After concentrating to a light yel-
low solid the sample was analyzed by HPLC. The re-
tention time, peak shape and UV spectrum of the sample 60
was compared with a previously prepared sample of
d4ab. The data for this sample matched exactly the data
for compound 4ab prepared by ozonolysis of cephalo-
mannine (see Example 1).

EXAMPLE 7

20

25

435

35

65

Biological Testing
B16 Melanoma Cell Proliferation

8

Cells were seeded in 24-well plates at 7.5 X 104 cells/-
well and grown 1in Dulbecco’s modified minimal essen-
tial medium (MEM) containing 10% bovine calf serum
at 37° C. for 24 hours in a 97% humidified atmosphere
of 5.5% CO3. The medium was then replaced with fresh
medium containing taxol or its derivatives and dis-
solved in DMSO in concentrations ranging from
7.5X10—°M to 1X 10—7M for taxol and other deriva-
tives. The final concentration of DMSO in the cell
medium was 0.5% or less. This amount of DMSO did
not have any effect on cell proliferation as determined
from control experiments. After 40 hours, the cells were
released by trypsinization and counted in a Coulter
counter.
Tubulin Preparation and Assembly

Tubulin free of microtubule-associated proteins was
purified from bovine brain as previously described (Al-
gaier, J., Himes, R. H., “The Effect of Dimethyl Sulfox-
ide on the Kinetics of Tubulin Assembly’ Biochim.
Biophys. Acta, Vol 954, pp 235-243, 1988). The assembly
reaction was done at 37° C. in PEM buffer (0.1M Pipes,
pH 6.9, 1 mM EGTA, and 1 mM MgSQy) at a protein
concentration of 1 mg/ml (10 uM) in the presence of
taxol or taxol analogues and 0.5 mM GTP. The reaction
was monitored by the increase in the apparent absor-
bance at 350 nm.

TABLE 1
Tubulin Assemblzb B16 Proliferation®
EDso/EDsp EDs5o/EDsp
Compound?  EDsp? Taxol EDs5q¢ Taxol
1 1.08 1.26 21.4 0.95
4ab 1.24 1.468 17.1 0.758
3 0.70 0.827 33.5 1.494
8 3.3 3.4 >854 >38Y
5 ~.8.54/ > 104 > 854 ~ 384
6 ~8.54/ > 10" > 854/ ~. 385
7 ~8.54/ > 107 ~ 8540/ ~ 3804 |

“Methanol (0.5 ml) was added to each vial. Concentrations were determined from
the extinction coefficients (absorbance is of a 1% wt./vol. (mg/ml) solution in
methanol at 227 nm).

PTubulin at t mg/ml was incubated with various concentrations of the compounds
at 37° C. for 15 minutes in 0.5 m} of PEM buffer (0.1 M Pipes, | mM EGTA, 1 mM
MgSQy4, pH 6.9). Samples were centrifuged and the protein concentration on the
supernatant was determined.

‘B16 Melanoma cells were incubated with various concentrations of the compounds
for about 40h at 37° C.

4The concentration in ng/ml which reduces the supernatant protein concentration
by 50%.

“The concentration in ng/m! which reduces the number of cells by 50% compared
to a control.

MThe highest concentration used without achieving 50% inhibition.

€EDsy for taxol in the assembly assay was 0.85 ug/ml. In the B16 assay it was 22.7
ng/ml.

"EDS;;. for taxol in the assembly assay was 0.854 pg/ml. In the B16 assay it was 22.5
ng/ml.

‘EDsu for taxol in the assembly assay was 0.97 ug/ml. In the B16 assay it was 22.7
ng/ml.

/The highest concentration used was 854 ng/ml without achieving 50% inhibition.

What is claimed is:
1. An antineoplastic derivative of taxol having the
following formula:
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S. An antineoplastic derivative of taxol having the

15 following formula:
2. A pharmaceutical composition comprising an ef-

fective amount of the antineoplastic derivative of claim 4a
1 as an active ingredient, and a pharmaceutically ac-
ceptable carrier. 20 h o
3. A cytotoxic composition comprising an effective N I \
HN - O
amount of: 5 =
| o OH
25
Oi. CHj3
4a
in equilibrium with
30
Ph O 4b
/kZ/"\ W
HN™ 3 S 0"
5 E)H .
o 35 oh 0
P )
O" ¢ CH3 HN 3 y

.
O
4. A method for inhibiting growth of cancer cells OAY

40
comprising contacting said cells with an effective HO  CHs
amount of a composition comprising * * x % %
45
50
33
60

635
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